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ABSTRACT : PURPOSE: To produce a flat fine metal powder having ductility and with the average 
particle diameter and the over age thickness specified. 



CONSTITUTION: A metal powder having ductility is obtained by the atomization method, 
the powder is wet-crushed by an attritor to <2|im thickness and flattened, and the flat 
powder is crushed by a jet mill to the fine particles having <20|am average diameter. At 
this time, efficiency is increased by the combination of the crushing by the jet mill and a 
flash classifier. The flat fine metal powder obtained by this invention is angular, and the 
powder is effectively applied to the soft magnetic powder to be used in a magnetic 
shielding paint. 
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ABSTRACT 



A method for making a radiation absorbing material (RAM) 
coating may include providing an iron-silicon alloy powder, 
forming the iron-silicon alloy powder into flakes, and pas- 
sivating the flakes. The method may further include select- 
ing passivated flakes having a desired size, and combining 
the selected passivated flakes with a carrier to provide the 
RAM coating. The coating may be applied to a substrate to 
impart the radiation absorbing property thereto. 
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include less than about 25% silicon by weight, as well as less 
than about 25% Fe 5 Si 3 by weight. The passivated iron- 
silicon alloy flakes may also advantageously include greater 
than about 40% Fe 3 Si by weight and about 0.5-25% FeSi by 
weight. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1 is a perspective view of a portion of an 
aircraft having a radiation absorbing material (RAM) coat- 
ing thereon in accordance with the present invention. 

[0014] FIG. 2 is a cross-sectional view of a portion of a 
wing of the aircraft of FIG. 1. 

[0015] FIG. 3 is a flow diagram illustrating a method for 
making a RAM coating in accordance with the present 
invention. 

[0016] FIG. 4 is flow diagram illustrating the method of 
FIG. 3 in greater detail. 

[0017] FIG. 5 is a graph illustrating in further detail the 
passivation step of FIG. 3. 

[0018] FIG. 6 is a graph illustrating calculated reflection 
vs. frequency for two RAM materials produced in accor- 
dance with the prior art and for a RAM material produced in 
accordance with the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0019] The present invention will now be described more 
fully hereinafter with reference to the accompanying draw- 
ings, in which preferred embodiments of the invention are 
shown. This invention may, however, be embodied in many 
different forms and should not be construed as limited to the 
embodiments set forth herein. Rather, these embodiments 
are provided so that this disclosure will be thorough and 
complete, and will fully convey the scope of the invention 
to those skilled in the art. Like numbers refer to like 
elements throughout. 

[0020] Referring initially to FIGS. 1 and 2, a radiation 
absorbing device in the form of an aircraft 10 in accordance 
with the present invention is first described. The radiation 
absorbing device includes a substrate, which in the illus- 
trated example is the airframe 11 of an airplane 10, and a 
radiation absorbing material (RAM) coating 12 on the 
substrate. The RAM coating is for absorbing EM radiation 
incident on the airframe 11, such as radar or other radio 
frequency (RF) signals, which are illustratively shown by 
the large arrows 13 in FIG. 1. 

[0021] As a result of the RAM coating 12, the amount of 
EM energy reflected by the airframe 11 will be substantially 
reduced, as illustrated by the small arrows 14. Thus, the 
airframe 11 will be more difficult to detect using radar. Of 
course, those skilled in the art will appreciate that numerous 
substrates other than airframes (e.g., cables, antennas, etc.) 
may also advantageously be coated with the RAM coating 
12 in accordance with the invention to provide desired EM 
absorption. 

[0022] Turning now additionally to FIG. 3, a method for 
making the RAM coating 12 in accordance with the inven- 
tion will now generally be described. The method begins 
(Block 30) by providing an iron-silicon alloy powder for 



processing, at Block 31. Most prior art methods for alloying 
iron and silicon typically include the compounding of the 
two powders, adding an activator or catalyst, then sintering 
the mixture in an electric furnace with an inert atmosphere. 
By using the catalyst, this reaction becomes exothermic and 
proceeds quite rapidly at elevated temperatures. This rather 
violent reaction makes control of the temperature difficult 
throughout the entire mass of the material 

[0023] As a result of the above condition, and coupled 
with some inhomogeneities in the mixture, this reaction 
produces more variation in the ferrous silicide phases 
present than is typically desired. That is, as many as five 
separate phases may be produced during the alloying pro- 
cess, namely Fe 3 Si, Fe A1 Si 5 , Fe 2 Si, Fe 5 Si 3 and FeSi. Of 
these, from the standpoint of developing a RAM material, 
the a or Fe 3 Si is the most desirable. As a result, the alloying 
reaction is preferably controlled to favor this phase and limit 
the Fe ia Si 5 , Fe 2 Si, and Fe 5 Si 3 phases. The FeSi phase, which 
is the equilibrium partner of the Fe 3 Si phase, is not as 
desirable as Fe 3 Si in terms of EM absorption, but it also does 
not have relatively low Curie temperatures as do the Fe l;l Si 5 , 
Fe 2 Si, and Fe 5 Si 3 phases. Accordingly, the FeSi phase is less 
likely to affect performance at high temperatures, and thus 
having some FeSi in the starting powder and/or final product 
is typically not problematic. 

[0024] Along with the necessary magnetic characteristics, 
the RAM powder that is ultimately produced should also 
have temperature stability and corrosion resistance. The a 
phase has a very high Curie temperature (greater than 500° 
C), as will be appreciated by those of skill in the art, and 
when the alloy is further processed may develop high 
corrosion resistance. It will further be appreciated that the 
effect of composition and temperature may have a signifi- 
cant impact on the phases present. 

[0025] Accordingly, it is desirable that the solid state 
diffusion reaction be carried out such that the iron and 
silicon alloy in the proper phase ratio to provide the proper 
starting percentages thereof. Of course, this requires that the 
reaction temperature be maintained in the necessary range, 
but this does not always happen as desired due to the rapid 
and violent reaction rate noted above. As a result, a fused 
cake, which includes several phases, is often produced using 
typical prior art approaches. Thus, this fused cake requires 
reduction to powder and air classification before proceeding 
with the formation of the corrosion resistant PAM, Yet, the 
cake is typically very hard and abrasive. Plus, not only is it 
expensive to reduce the size thereof, but a considerable 
quantity of undesirable phases may be present in the result- 
ing powder. 

[0026] Moreover, in selecting an alloy for use in making 
RAMs, those of skill in the art will appreciate that it is 
important to achieve not only reasonably high magnetic 
moment and high Curie temperature but also to provide high 
corrosion resistance. The first two characteristics are maxi- 
mized in the a or Fe 3 Si phase. However, this phase is not as 
resistant to corrosion as are higher percent silicon phases. A 
balance should thus preferably be achieved in the formula- 
tion of the alloy to yield the most optimum properties for 
reflection or attenuation of radar or other EM radiation, and 
to perform at temperatures significantly above ambient. That 
is, the Fe 3 Si phase is preferably favored while the Fe la Si 5 , 
Fe 2 Si, Fe 5 Si 3 phases are preferably limited, as noted above, 
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[0039] In particular, as the starting iron-silicon alloy pow- 
der preferably includes less than about 25% silicon by 
weight, the passivated iron-silicon alloy flakes 15 may 
correspondingly also include less than about 25% silicon by 
weight. Furthermore, the temperature phases are preferably 
regulated such that the flakes include less than about 25% 
Fe 5 Si 3 by weight, and rather include greater than about 40% 
Fe 3 Si by weight and about 0.5-25% FeSi by weight. 

[0040] Once passivated, the ferrous silicide flakes are 
removed from the kiln, they are then passed through a 
de-agglomerator and screened, at Blocks 45 and 46. The 
former step is desirable as some agglomeration takes place 
at the 650° C. temperature of the passivation kiln, and the 
screening allows the passivated flakes 15 having a desired 
size to be separated from the remainder of the flakes. In 
particular, the de agglomeration may be performed using a 
granulator with a 20 mesh barrel screen. Moreover, the 
flakes may be screened with a screen having openings of 
about 60 microns or less, for example, to provide the desired 
flake size and remove any undesirable particles from the 
refractory containers. 

[0041] Stated otherwise, it is typically desirable that the 
flakes have a maximum dimension 17 (FIG. 2) of less than 
about 60 microns and, more preferably, about 3 to 20 
microns, though other dimensions may also be used. The 
leftover flakes may then be re-screened, if desired, to 
increase yield. Of course, in some embodiments screening 
may be performed to separate flakes of a desired size prior 
to passivation, but some degree of deagglomeration/screen- 
ing may still be desirable after passivation depending upon 
the given application. 

[0042] Flakes having such dimensions can then be sus- 
pended in a carrier, at Block 47, for later application to the 
surface of a vehicle, for example, thus ending the method, at 
Block 48. By way of example, suitable carriers may include 
organic materials, dielectric materials (e.g., similar to paint, 
which can be atomized and sprayed on a vehicle), electri- 
cally conductive materials, magnetic materials, or a viscous 
elastomeric material which may be applied in panels. In this 
latter case the flake size may be made somewhat larger. 

[0043] Also, in some embodiments passivated iron-silicon 
particles having different shapes may be included as well. In 
particular, in some applications it may be desirable to 
include not only passivated iron-silicon flakes in the coating 
but also passivated spherical particles. That is, a base 
powder with spherical particles may be milled without 
flaking using one of the above described techniques, passi- 
vated, and then deagglomerated and/or screened, as simi- 
larly described above. Air classification is an optional step 
that may be used in conjunction with the milling techniques 
to provide a desired particle size distribution, as noted 
above. The passivated spherical particles may then be sus- 
pended along with the passivated flakes in various ratios in 
the carrier to provide different EM absorbing properties 
(Block 47). 

[0044] By way of comparison, plots of calculated reflec- 
tion vs. frequency are illustratively shown in FIG. 6 for two 
RAM materials manufactured in accordance with the prior 
art, and one plot for a RAM material produced in accordance 
with the present invention including only flaked particles. 
More particularly, the plot 60 is based upon a ferrous silicide 
material formed by a prior art diffusion process, the plot 61 



is for a material based on carbonyl iron, and the plot 62 is 
for the RAM made in accordance with the invention. As may 
be seen, the reflective properties of the material made in 
accordance with the present invention are generally less than 
those of the other two materials across most of the illustrated 
frequency range. 

[0045] Many modifications and other embodiments of the 
invention will come to the mind of one skilled in the art 
having the benefit of the teachings presented in the forego- 
ing descriptions and the associated drawings. Therefore, it is 
understood that the invention is not to be limited to the 
specific embodiments disclosed, and that modifications and 
embodiments are intended to be included within the scope of 
the appended claims 

That which is claimed is: 

1. A method for making a radiation absorbing material 
(RAM) coating comprising: 

providing an iron-silicon alloy powder; 

forming the iron-silicon alloy powder into flakes; 

passivating the flakes; 

selecting passivated flakes having a desired size; and 

combining the selected passivated flakes with a carrier to 
provide the RAM coating. 

2. The method of claim 1 wherein the iron-silicon alloy 
powder comprises melt sprayed iron-silicon alloy powder. 

3. The method of claim 1 wherein the iron-silicon alloy 
powder comprises diffused iron-silicon alloy powder. 

4. The method of claim 1 wherein forming comprises 
impact milling the iron-silicon alloy powder. 

5. The method of claim 1 wherein forming comprises 
grinding the iron-silicon alloy powder using a dry attritor. 

6. The method of claim 1 wherein forming comprises wet 
milling the iron-silicon alloy powder in the presence of a 
solvent. 

7. The method of claim 6 wherein the solvent comprises 
heptane. 

8. The method of claim 6 further comprising removing 
solvent prior to passivating. 

9. The method of claim 1 wherein selecting comprises: 

de agglomerating the passivated alloy flakes; and 

screening the deagglomerated flakes to obtain flakes hav- 
ing the desired size. 

10. The method of claim 1 wherein the desired size is a 
maximum dimension of less than about 60 microns. 

11. The method of claim 1 wherein passivating comprises 
exposing the flakes to an oxygen containing ambient at a 
temperature of less than about 700° C. 

12. The method of claim 1 wherein passivating comprises 
passivating the flakes for less than about 24 hours. 

13. The method of claim 1 wherein the carrier comprises 
at least one of an organic material, a dielectric material, an 
electrically conductive material, a magnetic material, and an 
elastomeric material. 

14. The method of claim 1 wherein the iron-silicon alloy 
powder comprises less than about 25% silicon by weight. 

15. The method of claim 1 wherein combining comprises 
combining the selected passivated flakes and passivated, 
generally spherical iron-silicon alloy particles with the car- 
rier to provide the RAM coating. 
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[57] ABSTRACT 

A process is disclosed for producing fine copper flakes 
which comprises media milling copper powder particles 
with one or more organic surfactants in a non-polar 
organic medium to comminute the copper particles and 
produce intermediate flakes having a thickness of less 
than about 3 micrometers, removing the major portion 
of the organic medium and the organic surfactants from 
the intermediate flakes to produce dried intermediate 
flakes, and fluid energy milling the intermediate flakes 
to reduce the diameter of the dried intermediate flakes 
and produce flakes having a diameter of no greater than 
about 10 micrometers in diameter. 

5 Claims, No Drawings 
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At this point the dried intermediate flakes have the 
desired thickness, but they are generally much too large 
in flake diameter (largest dimension). 

The intermediate flakes are next introduced into a 
fluid energy mill using high velocity jets of either air or 5 
inert gas to entrain the intermediate flakes, impart high 
velocity to them, and impact them against either a solid 
substrate or each other. This group of processes is 
called "jet milling" or "fluid energy milling" including 
fluidized bed opposed jet milling, the "Coldstream" 10 
process in which a stream of gas and the starting mate- 
rial are impinged against a fixed target, etc. All refer- 
ences made herein to "jet milling" or "fluid energy 
milling" are understood to refer to this group of pro- 15 
cesses. In the process of the invention, there are no 
moving parts except for gas compressors to produce the 
fluid energy stream. Energy is imparted to the particles 
by the fluid or gas, that is, by the velocity of the fluid. 
All of these processes impart high velocities to the ma- 2 q 
terial which is being ground and impact the accelerated 
particles against each other or against a solid substrate 
at a sufficient force to shatter or break the particles into 
smaller fragments. During this part of the process, the 
individual flakes tear at cracks present in their outer 25 
periphery and are reduced in diameter, while the thick- 
ness of the flakes remains the same. In addition, the 
flakes become more nearly circular when viewed paral- 
lel to the thickness direction and the edges are often 
rounded or rolled up, both which could contribute to 30 
less problems in the application as in the screening pro- 
cess in the manufacture of thick films. It is easier to 
force the rounded edge flakes through the screen during 
the circuit printing process, than to force a ragged edge 
flake through. The ragged edges tend to catch on the 35 
weave of the screen. Because of the self-classifying 
nature of typical fluid energy mills, particles above 
desired upper size limit stay in the milling apparatus 
until they are reduced in size. 

The process of the present invention affords a method 40 
for producing copper flake morphology powder at a 
low cost suitable for use in fabricating thick film elec- 
tronic circuit boards. One of the primary advantages of 
the two step process is that the flake thickness and pla- 
nar dimensions can be independently changed. Powders 
having the lowest surface area (and therefore, oxygen 
content) possible to meet the particle size requirements 
can thus be fabricated. 

To more fully illustrate this invention, the following 
nonlimiting example is presented. J 0 

EXAMPLE 

Gas atomized copper powder is processed using n- 
heptane as the milling fluid and oleic acid as the surfac- 55 
tant in a stirred ball mill using tungsten carbide/cobalt 
media. Proportions of the materials on a weight basis 
are as follows: 



Mill media: 6200 parts 
copper powder: 200 parts 
n-Heptane: 160 parts 
Oleic acid: 1 part. 

The powder is milled for about 30 hours at a linear 
speed of about 364 fpm measured at the outer diameter 
of the mill agitator to produce flake morphology parti- 
cles. The particles are removed from the mill as a slurry 
and filtered and vacuum dried using conventional metal 
powder processing techniques. The dried particles are 
next processed in an opposed jet mill using compressed 
air at inlet pressures of 82-85 psi. The action of the jet 
mill is to reduce the average diameter of the flake mor- 
phology particles without substantially changing their 
thickness. Size data is shown below: 



Particle Size (Microtrac) 






Starting 


Ball 


Jet 


powder 


milled 


Milled 


Mean size, microns 14.3 


10.0 


5.4 


Std. deviation, microns 8.4 


7,9 


4.3 



Note that the particle size as measured by laser light 
scattering is greatly reduced by jet milling. Also, the 
distribution of particle sizes becomes narrower. 

While there has been shown and described what are 
at present considered the preferred embodiments of the 
invention, it will be obvious to those skilled in the art 
that various changes and modifications may be made 
therein without departing from the scope of the inven- 
tion as defined by the appended claims. 

What is claimed is: 

1. A process for producing fine copper flakes, said 
process comprising: 

(a) media milling copper powder particles with one 
or more organic surfactants in a non-polar organic 
medium to comminute said copper particles and 
produce intermediate flakes having a thickness of 
less than about 3 micrometers; 

(b) removing the major portion of said organic me- 
dium and said organic surfactants from said inter- 
mediate flakes to produce dried intermediate 
flakes; and 

(c) fluid energy milling said intermediate flakes to 
reduce the diameter of said dried intermediate 
flakes and produce flakes having a diameter of no 
greater than about 10 micrometers in diameter. 

2. A process of claim 1 wherein said surfactants are 
fatty acids. 

3. A process of claim 2 wherein said surfactants are 
selected from the group consisting of oleic acid, and 
stearic acid. 

4. A process of claim 1 wherein said non-polar or- 
ganic medium is n-heptane. 

5. A process of claim 1 wherein said media milling 
step is a stirred media milling step. 
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